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ABSTRACT 
The purpose of this study was to determine the 
structure of the contact between the Superior Craton and 
the Trans-Hudson orogenic belt in north-central North 
Dakota between latitude 48 and 49 degrees north and 
longitude 100 and 102 degrees west, using gravity modeling. 
Major structural and geochronologic boundaries beneath the 
eastern flank of the Williston Basin in North Dakota and 
southern Canada appear as coherent patterns on a Bouguer 
gravity map . 
The contribution of the Phanerozoic overburden (density 
assumed to be 2 . 48 g cm- 3 ) to the gravity signal, was 
removed, leaving residual gravity anomalies due to density 
variations in the Precambrian basement. Four east-west 
gravity profiles were constructed and modeled with a two 
dimensional polygonal method (Talwani et al . , 1959) . A 
fifth profile was constructed and modeled, after gravity 
modeling of the first four indicated that the Thompson 
Fault strikes approximately Nl3°E . 
Forward gravity modeling of the four east-west profiles 
suggests that the north-south-striking contact between the 
Superior Province and the Trans-Hudson orogenic belt dips 
to the west, is slightly concave east and steepens to the 
south, within the study area. Modeling also suggests that 
the Thompson fault dips west, lies about 45-55 km west of 
the Superior-Trans-Hudson contact at or near the basement 
X 
surface, strikes about Nl3°E, and extends deep into the 
crust. The fifth profile, constructed and modeled 
perpendicular to this structure confirms this orientation. 
A large circular positive gravity and magnetic anomaly, 
crossed by profile D, may represent a mafic pluton or a 
body of some other origin. 
xi 
INTRODUCTION 
The Precambrian basement is buried beneath 3 to 5 km 
of sedimentary rocks in the Williston Basin in western 
North Dakota. It has been penetrated by only a few deep 
wells and has not been adequately modeled by geophysical 
methods such as gravity and magnetic techniques. Major 
structural and geochronologic boundaries exist beneath the 
eastern flank of the Williston Basin in North Dakota and 
southern Canada (Figure 1), (Green et al., 1979; Gerhard et 
al., 1982; Denison et al., 1984; Green, Hajnal, and Weber, 
1985; Green, Weber, and Hajnal, 1985; Bickford et al., 
1986; Klasner and King, 1986). The Superior Province 
(Archean) of the Canadian Shield is composed of 
granite/greenstone belts. It lies to the east of the 
Trans-Hudson orogenic belt (Proterozoic) (Hoffman, 1981; 
Klasner and King, 1986). 
The nature of the boundaries beneath the sedimentary 
cover of the Williston Basin has generated a number of 
studies in recent years (Camfield and Gough, 1977; Hajnal 
and Fowler, 1982; Delandro and Moon, 1982; Peterman and 
Goldich, 1982; Dutch, 1983; Gibb, 1983; Arvidson et al., 
1984, Denison et al., 1984; Green, Hajnal, and Weber, 1985; 
Green, Weber, and Hajnal, 1985; Bickford et al., 1986; 
Klasner and King, 1986; Thomas et al., 1987; 
Morel-a-l'Huissier et al., 1987). In Manitoba the 
Churchill province of previous authors (Bell, 1971a, 1971b; 
1 
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Figure 1: Simplified geologic map of the Precambrian 
surface showing the location of the study area (rectangle 
in north-central North Dakota), with respect to the 
Archean Superior Province and a portion of the Proterozoic 
Trans-Hudson orogenic belt. Geologic contacts are from 
Green, Hajnal, and Weber (1985). The location of the 
North American Central Plains (NACP) Conductivity Anomaly 
is taken from Alabi et al. (1975), Handa and Camfield 
(1984), and Gupta et al. (1985). 
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Green et al., 1979; Peterman and Goldlch, 1982; Dutch, 
1983; Arvidson et al., 1984; Klasner and King, 1986) has 
been broken up into the Hearn province (Archean) to the 
northwest and the Trans-Hudson orogenlc belt (Proterozoic) 
to the southeast (Hoffman, 1988; Figure 1). The rocks 
which form the eastern margin of the Trans-Hudson orogen 
have been called the Churchill-Superior boundary zone 
(Kornlk, 1971; Lldlak, 1971; Bell, 1971a; Weber and 
Scoates, 1978; Green et al., 1979; Delandro and Moon, 1982; 
Lewry et al., 1985; Lewry et al., 1987; Thomas et al., 
1987), the Archean-Proterozoic boundary zone (Green, 
Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 1985; 
Morel-a-l'Hulssler, et al., 1987), the magnetic boundary, 
magnetic quiet zone (Klasner and King, 1986), the Thompson 
mobile belt (Machado et al., 1987), and the enslallc belt 
of the Superior margin (Hoffman, 1988). The Thompson 
nickel belt forms the southern portion of this unit where 
it ls exposed in Canada (Figure 1), and the name Thompson 
nickel belt will be used to refer to these rocks in the 
study area in north-central North Dakota. When referring 
to these units in Canada, where they are exposed, the term 
Archean-Proterozoic boundary zone will be used in order to 
include both the Thompson nickel belt and the Fox River 
belt (Figure 1). 
The Trans-Hudson orogenic belt has been subdivided 
into several tectonic elements in Canada. These 
5 
subdivisions were identified by field geology and 
geophysical characterization where they are exposed in 
Manitoba and Saskatchewan (Lewry et al., 1985). Their 
presence in southern Canada and the northern United States 
has been predicted on the basis of geophysical 
characteristics (Green et al., 1979; Van Shmus and 
Bickford, 1981; Green, Hajnal, and Weber, 1985; Green, 
Weber, and Hajnal, 1985; Klasner and King, 1986) . 
The purpose of this study was to explore the nature of 
the boundary between the Trans-Hudson Orogenic belt to the 
west , and the Superior Province to the east using 
geophysical techniques. The parts of the Trans-Hudson 
orogen which are considered are the Thompson nickel belt 
and the Flin Flon-Snow Lake domain (Figure 2) . This 
involved gravity modeling of four east-west profiles and 
one N77°W profile in the study area. The approximate 
locations of geologic features were taken from Green, 
Hajnal, and Weber (1985), and gravity modeling was done to 
interpret possible structures at depth. The study area 
(Figure 3) includes portions of the Superior Province, the 
Thompson nickel belt, and the Flin Flon-Snow Lake domain, 
where they underlie north-central North Dakota between 48° 
and 49° N latitude and 100° and 102° W longitude (Figure 
1) . The Superior Province, the Thompson nickel belt, and 
the Flin Flon-Snow Lake domain are discussed in more detail 
later in the Geologic Setting section. 
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Figure 2: Location of geologic units discussed in text . 
Modified after Manitoba Department of Mines, Natural 
Resources, and Environment (1979) . 
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Figure 3: Map of the study area showing county boundaries 
and locations of wells used in this study. Well numbers 
are NDGS well numbers. 
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GEOLOGIC SETTING 
The Hudsonian orogeny formed the north-south 
trending Trans-Hudson orogenic belt (Figure l; Weber and 
Scoates, 1978; Ermanovics and Wanless, 1983, Lewry et al . , 
1985) during the Apheblan Era of the Phanerozoic Eon 
(Figure 4) . Lewry et al . (1985) suggested that the 
Trans-Hudson orogenic belt extends as far west as the North 
American Central Plains (NACP) conductivity anomaly of 
Alabi and others (1975) (Figure 1) . 
The contact between Archean and Proterozoic rocks, where 
it ls exposed in Canada, separates the Superior Province 
from the Trans-Hudson orogenic belt (Green, Hajnal, and 
Weber, 1985; Green, Weber, and Hajnal, 1985) . The Thompson 
nickel belt (Coats et al., 1972; Figure 1), previously 
called the Waboden Subprovince of the Churchill Province 
(Weber and Scoates, 1978), lies to the west of this 
contact. Immediately east of the Thompson nickel belt, the 
Kenoran (2 . 5 to 3 . 1 Ga) granitoid-gneiss terrane of the 
Pikwitonel region granulltes represents a lower crustal 
equivalent of east-west-trending Archean granite-greenstone 
belts (Green, Weber, and Hajnal, 1985; Figure 2) . The 
Thompson nickel belt (Figure 1) consists of metavolcanlc 
and metasedimentary rocks of granulite facles, overprinted 
by amphlbollte facies metamorphism (Weber and Scoates, 
1978). Numerous lenticular and sill-like ultramafic bodies 
of serpentinized perldotlte occur in the supracrustal rocks 
10 
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Figure 4: Precambrian stratigraphic column, modified after 
Douglas (1980) . Ages are in billions of years (Ga). 
12 
EON AGE ERA SUBERA Orogenic Event 
Ga 




i,. - z Grenvillian (.) .. - <( Neohelinkian -0 .. - -~ Elzevirian 
N 
... - z 
lo- - -0 ..J . w Paleohelinkian Killarnian a: i,. . J: 
UJ - 1.8 Penokean 
I- .. .Z Late 
0 . <( Middle HUDSONIAN -a: ~ 2. 1 · m .W ~ Cl.. ... ~ Late J: ·- Blezardian C: 




z i,. - Laurentian 
~ 2.9 
<l:: - -
UJ ... . 
I - MIDDLE 
(.) ... -
a: .. 3.4 
. <l:: . - EARLY 
Modified after Douglas, 1980 
13 
and basement gneiss (Peredery, 1979; Peredery et al., 
1982). The Thompson nickel belt was affected by the 
Hudsonian orogenic event before 1.8 Ga (Figure 4; Green, 
Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 1985; 
Lewry et al., 1985). The contact between the Thompson 
nickel belt and the rest of the Trans-Hudson orogenic belt 
is well-defined by the Thompson fault (Figure l; Green, 
Hajnal, and Weber, 1985). 
West of the Thompson nickel belt, the Kisseynew 
domain (Figure 2) consists of paragneiss of lower to upper 
amphibolite facies, migmatites and anatectic granitic 
bodies (Weber and Scoates, 1978; Green, Hajnal, and Weber, 
1985). The contact between the Kisseynew domain and the 
Flin Flon-Snow Lake domain (Figure 2) to the south is 
gradational and locally faulted (Green, Hajnal, and Weber, 
1985). The Flin Flon-Snow Lake domain is a north-south 
trending belt that consists of a thick sequence of low-
potash tholeiitic to calc-alkaline basalts and andesites, 
pyroclastics, and subordinate rhyodacitic rocks (Green, 
Hajnal, and Weber, 1985). 
Hoffman (1988) suggested that the Trans-Hudson orogen 
formed as a result of the collision between the Archean 
Superior and Hearn microcontinents which formed a portion 
of the North American continent during Precambrian time 
(Figure 1). To the south, in the United States, Hoffman 
(1988) suggested that a collision occurred between the 
14 
Superior province and the Wyoming province (Figure 1), and 
formed the southern portion of the Trans-Hudson orogenic 
belt. Oblique accretion of converging plates ls suggested 
by a change in the direction of the Proterozoic polar 
wandering curve about 1.65 Ga (Dutch, 1983). A series of 
collisional events associated with this convergent plate 
boundary resulted in curvilinear belts of metamorphic and 
igneous rocks (Lewry et al., 1985). The Thompson nickel 
belt may have been the site of Proterozoic crustal 
subduction (Fountain and Salisbury, 1981; Lewry, 1981; 
Gibb, 1983; Lewry et al., 1985; Green, Hajnal, and Weber, 
1985; Green, Weber, and Hajnal, 1985) and a transcurrent 
fault (Lewry, 1981; Green, Hajnal, and Weber, 1985; Green, 
Weber, and Hajnal, 1985; Thomas et al., 1987). The Flin 
Flon-Snow Lake domain has geologic characteristics which 
suggest that it formed as a volcanic island arc complex. 
Subduction during formation of the Flin Flon-Snow Lake 
domain ultimately wedged the Thompson nickel belt between 
the Superior block and the rest of the Trans-Hudson orogen 
(Green, Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 
1985). 
Geophysical Expression 
The Archean-Pro,erozoic boundary zone generates one 
of the more prominent and continuous gravity anomalies in 
North America (Gibb, 1983; Figure 5). This gravity 
signature is caused by differences in structural fabric and 
15 
Figure 5: Generalized gravity map of Manitoba (Geological 
Survey of Canada, 1969) showing some geological features. 
The contour interval is 10 milligals and the solid black 
areas are Oto +20 milligals. 
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general lithologies on either side of the suture (Gibb, 
1983). The Superior Province is characterized by a 
predominantly east-west gravity and magnetic fabric (Figure 
6), and the Trans-Hudson is a region with more variable 
magnetic fabric and a northeast-southwest gravity trend 
(Bell, 1971b; Green et al., 1979). The transition between 
the Pikwitonei region and the Thompson nickel belt is a 
truncation of gravity and magnetic fabric, typical of the 
Superior province, by northeast-southwest magnetic 
structures and a linear zone of low magnetization (Kornik 
and McLaren, 1966; Kornik, 1971; Bell, 1971b; Green et al., 
1979) . 
Geophysical data help to characterize the Trans~Hudson 
orogenic belt where it is exposed in Canada, and these 
characteristic gravity and magnetic signals delineate the 
Trans-Hudson orogenic belt where it is covered by the 
Phanerozoic rocks of the Williston Basin. Based on 
north-south trending geophysical signatures, the Flin 
Flon-Snow Lake domain is considered to extend to the south, 
beneath Phanerozoic cover (Green, Hajnal, and Weber, 1985; 
Green, Weber, and Hajnal, 1985) . The southern extension of 
the Thompson nickel belt was inferred from continuation of 
a characteristic magnetic quiet zone (Innes, 1960, Kornik 
and McLaren, 1966; Gibb, 1968b; Kornik, 1969; Bell, 1971b; 
Roth, 1975; Green et al., 1979; Green, Hajnal, and Weber, 
1985; Green, Weber, and Hajnal, 1985) that runs 
18 
Figure 6: Generalized magnetic map of Manitoba, modified 
from Morley et al . (1967) . The shaded areas are greater 
than +200 gammas. 
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through the central part of the study area (Green, 
Hajnal,and Weber, 1985; Green, Weber, and Hajnal, 1985; 
Klasner and King, 1986). The Precambrian basement in the 
study area underlies Phanerozoic sedimentary rocks of the 
Williston Basin; the depth of burial ranges from about 1750 
to 4000 metres (Figure 7). There is little well control, 
thus details of the Precambrian surface are unknown. The 
Precambrian structure map reveals only the northeastern 
flank of the Williston basin (Figure 8). Geophysical 
characteristics typical of the Archean rocks of the 
Superior Province can be interpreted to extend into eastern 
North Dakota and northeastern South Dakota (Muehlberger et 
al . , 1967 ; Lidiak, 1971; Green, Hajnal, and Weber, 1985; 
Green, Weber, and Hajnal, 1985). The contact between the 
Superior craton and the Trans-Hudson orogenic belt (Green, 
Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 1985; 
Sims and Peterman, 1986) within the study area parallels 
the western flank of a north-south, linear, 25 milligal, 
positive, gravity feature (Lyons and O'Hara, 1982). The 
Thompson fault, which defines the west side of the Thompson 
nickel belt (Green, Hajnal, and Weber, 1985; Green, Weber, 
and Hajnal, 1985; Figure 1), lies within the study area 
(Green Hajnal, and Weber, 1985) and has been detected in 
modeling of seismic profiles in southern Manitoba 50 km 
north of the study area (Morel-a-l'Huissier et al., 1987). 
21 
Figure 7: Isopach map of Phanerozoic cover. The contour 
interval is 250 m. Solid circles are the Precambrian test 
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Figure 8: Precambrian structure map by Heck (1988) . The 
contour interval is 200 ft (61 m) and datum is sea level . 








Lithologies and Age Dates 
Several workers have studied Precambrian core samples 
and cuttings in an effort to collect age and lithology 
information. Karner et al. (unpublished manuscript, 1981) 
and Lidiak (unpublished manuscript) studied core samples 
and cuttings from some of the wells drilled in North 
Dakota. Carlson (unpublished table) also compiled a list 
of lithologies (Table 1). There is some disagreement 
between the authors who assigned the rock types for many of 
these wells. All three are included in Table 1 to show 
typical descriptions of past workers in an attempt to 
determine whether these lithologies can be used to support 
the conclusions of this study. 
Radiometric age dates reported for North Dakota and 
neighboring Manitoba and Saskatchewan are presented in 
Figure 9. In general Archean dates have been reported to 
the east of the study area (Burwash et al., 1962; Peterman 
and Hedge, 1964), and Proterozoic age dates have been 
reported west of the study area (Peterman and Hedge, 1964) . 
Within the study area, the data indicate that both Archean 
and Proterozoic supracrustal rocks were deformed, metamor-
phosed, and intruded by granite during the Hudsonian 
orogeny (Peterman and Goldich, 1982) . Peterman and Goldich 
(1982) also concluded that the Williston Basin is centered 
on the early Proterozoic Trans-Hudson belt that lies be-
tween the Archean Wyoming and Superior cratons (Figure 1). 
26 
Table 1 
Precambrian oenetration wells with lithologies. 
where available 

















































































Table 1 (Continued) 
NDGS Sarn12le 
Well ~ Lithology: 
No. Karner (1981) Lidiak Carlson 
5576 C 
6296 b chlorite schist 
6349 a biotite gneiss 
6624 C 
6684 b rnylonite 
6749 C 
6780 b gneissic 
granodiorite 






Figure 9: Age dates reported for North Dakota and 
southern Canada. 
A Burwash et al., 1962 
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• Peterman and Goldich, 1982 
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METHOD OF STUDY 
Bouguer Gravity 
The gravity data used in this study are available o~ 
North Dakota Geological Survey tape #S4395, compiled by the 
Department of Defense. Appendix C includes a description 
of the data on the tape as well as a map showing the 
station locations (Figure 22), definitions, and formulae 
used. For each gravity station an observed gravity value 
is recorded. The observed gravity must then be corrected 
to a datum plane because gravity stations are generally not 
recorded at the same elevation. The Free Air correction is 
applied to account for the vertical distance between the 
station and the datum plane, generally sea level . If the 
station is above sea level, then the Free Air correction 
must be added to the observed value. The result is Free 
Air gravity. The Bouguer correction is then applied to 
this result. The Bouguer correction is done to remov~ the 
effect of the mass between the station and the datum plane 
which was neglected in the Free Air correction. This 
correction is subtracted from the Free Air gravity value, 
and the result is Bouguer gravity. Bouguer gravity values 
can then be contoured to form a Bouguer gravity map. On a 
regional Bouguer gravity map, anomalies due to large-scale, 
deep-seated structures predominate; therefore, some 
reduction is usually done to resolve anomalies of interest. 
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The object of this research was to investigate the 
structural relationships present in the Precambrian rocks, 
so procedures were applied to remove the gravity field 
caused by the Phanerozoic rocks of the Williston Basin from 
the observed gravity. 
Electric logs from 20 test wells that penetrate the 
Precambrian (Figure 3) in or near the study area were used 
as part of a calculation done to determine the average rock 
density of the Phanerozoic rocks overlying the Precambrian 
surface. A dominant lithology was determined for each 
Phanerozoic rock unit from the North Dakota Stratigraphic 
Column (Bluemle et al . , 1986), and the rock units were 
grouped vertically according to lithology . The top of the 
uppermost formation in each lithologic group was then 
picked from the log (Appendix Bl . The total thickness of 
each lithologic group was then multiplied by the average 
density for that rock type (Table 2). These values were 
summed and divided by the total thickness (depth to 
Precambrian) to obtain an average rock density value for 
that well. These average density values for each well were 
then contoured (Figure 10). 
The density values applied to each of the lithologic 
groups were obtained from Telford et al . (1976) from their 
table of average densities for various rock types . This 
method was chosen in the interest of consistency and 
reproducability. Two other methods were considered . They 
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Table 2 
Rock type and densities used for each logged interval 
in the sedimentary overburden density calculation (Telford, 
etal., 1976). 
Top of logged 
interval Rock Ty:12e Density 
Greenhorn Shale 2.42 
Inyan Kara Shale and Sandstone 2.37 
Swift Shale 2 . 42 
Piper Limestone 2.54 
Spearfish Shale and Sandstone 2.37 
Madison Limestone 2 . 54 
Frobisher Alida Limestone and Anhydrite 2.76 
Tilston Limestone 2.54 
Bakken Shale 2 . 42 
Birdbear Limestone 2 . 54 
Souris River Dolomite 2 . 70 
Dawson Bay Limestone 2 . 54 
Prairie Salt 2 . 22 
Winnipegosis Dolomite 2 . 70 
Red River Limestone 2 . 54 
Rough lock Shale and Limestone 2 . 48 
Icebox Shale 2 . 42 
Black Island Sandstone 2 . 32 
Precambrian Metamorphic 
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Figure 10: Average density of the Phanerozoic rocks 
overlying the Precambrian surface. Solid circles 
represent Precambrian test wells used to construct this 
map . Contour interval is 0.01 g cm-' . 
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are the use of density logs to determine average density 
and the direct measurement of core samples. These two 
methods were rejected because there was insufficient data 
for the study area . 
The calculated densities range from 2.46 g cm-' to 
2 . 50 g cm- 3 • The average density for the study area, with 
each well weighted equally, is 2.48 g cm- 3 • Thus an 
average rock density of 2.48 g cm-' is used for all the 
Phanerozoic rocks in the Williston basin for this study. 
The depth to the Precambrian basement in each well was used 
to construct an isopach of the Phanerozoic sedimentary 
overburden (Figure 7). The isopach was subdivided and the 
average thickness for each .l x . l degree subdivision was 
estimated and entered in a data file. A BASIC language 
computer program was written to recalculate the sea level 
Bouguer gravity values using 2.48 g cm-' in place of 2 . 67 g 
cm- 3 (Appendix D). Bouguer gravity was recalculated to a 
new datum at 3450 m below sea level, which is below the 
Phanerozoic-Precambrian contact (Figure 11). For each 
gravity station the Bouguer correction for the sedimentary 
rock units (BCS) was calculated using a density of 2.48 and 
a thickness (ho) appropriate for that station. The Bouguer 
correction for the Precambrian portion (BCX) was also 
calculated for each station using 2 . 67 g cm-' and the 
corresponding thickness (hx). These two values were then 
subtracted from the sea-level Bouguer gravity value (BA), 
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to obtain a new Bouguer value. The latitude and longitude 
values for each gravity station were converted to X-Y 
coordinates using a second BASIC language program (LeFever, 
1982). Each of these data sets was contoured (Figure 12 
and 13) using the Surface II graphics system (Sampson, 
1978) . 
Four east-west gravity profiles, A, B, C, and D were 
constructed from Figure 13 for use in modeling. These 
profiles are oriented East-West because previous workers 
had projected the structures delineating the Superior-
Trans-Hudson boundary into the study area as linear, with a 
north-south orientation (Green, Hajnal, and Weber, 1985; 
Green, Weber, and Hajnal, 1985; Klasner and King, 1986) . 
The contouring and profiles are limited to the area between 
latitude 48° 15' and 49°, and longitude 100° and 101° 15' 
because the data are more closely spaced in this area 
(Figure 22 in Appendix C). The profiles are located about 
25 km apart and profile D bisects the circular gravity high 
in the south-central part of the study area (Figure 13) . 
This anomaly is coincident with a large, significant 
magnetic high (Zietz, 1982). A fifth profile, profile E 
(Figure 13), was constructed and modeled after gravity 
modeling of the first four indicated that the Thompson 
fault strikes approximately Nl3°E. 
A 415 milligal constant was added to each value to 
normalize each profile to a zero base to facilitate the use 
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Figure 11: Schematic diagram showing the relationship 
between Phanerozoic and Precambrian rocks in the study 
area and the Bouguer gravity correction used in this 
study. Where ho=sub sea level sedimentary rock thickness, 
Th=total thickness of sedimentary rock units, h=elevation 
of gravity station above sea level, hx=thickness of 
Precambrian rocks above 3450 m below sea level, 
BCS=Bouguer correction for sub sea level sedimentary rock 
units, BCX=Bouguer correction for Precambrian component, 
BA=Sea level Bouguer gravity (2.48 g cm·'). 
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Figure 12: Bouguer gravity map. Sea level is datum. 
Contoured by the Surface II graphics system (Sampson, 
1978). Solid circles represent Precambrian test wells . 
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Figure 13: Bouguer gravity map showing locations of 
Profiles A, B, C, D and E. Datum is 3450 m below sea 
level. Contoured by the Surface II graphics system 
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of the modeling program. Because the structures which 
outline the eastern margin of the Trans-Hudson orogen are 
approximately linear, they can be solved using a 
two-dimensional form of analysis (Talwani et al., 1959). 
In Talwani's method, geological bodies are approximated by 
two-dimensional polygons, and the components of 
gravitational attraction of each body may be computed 
rapidly by the computer. The horizontal and vertical 
components of the gravity field are defined in terms of a 
line integral on x 
g = 2 p Gp x de ( 1 ) 
and z 
g = 2 p Gp z de ( 2 ) 
respectively, taken along the periphery of the polygon 
where G=universal gravitational constant, p=density of the 
body, x=horizontal position of a point on the polygon, 
z=vertical position on the polygon, and e=the angle between 
the horizontal plane at the origin and a point on the 
periphery of the polygon (Hubbert, 1948; Figure 14). 
Talwani et al. (1959) rewrote these expressions explicitly 
in terms of X1 's and Z1 's in an algebraic format which can 
then be executed quickly by a computer program. The 
periphery of the body is simply defined by the coordinates 
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Figure 14: Geometric representation of the variables in 
the formulae used to calculate the gravitational 
attraction of an n-sided polygon, modified from Talwani et 
al. (1959). Where x=horizontal position of the point on 
the polygon, z=vertical position of the point on the 
polygon, e=the angle between the horizontal plane at point 
Panda point on the periphery of the polygon and p=the 




of adjacent vertices. These coordinates (X1 'sand Z1 's) 
are used in the calculation along with p, the density of 
the body and the position of the stations for which the 
gravity is calculated (Talwani et al., 1959). 
Assumptions Made for Modeling 
The accuracy of the modeling depends on the suitability 
of the assumptions used. The specific assumptions used 
here are: 
1) Geological bodies can be approximated by 
two-dimensional polygonal bodies of uniform density. 
Talwani et al. (1959) point out that this is not a problem 
for large scale linear features for which an infinite 
strike can be assumed, such as continental margins, 
although it may be less appropriate for small non-linear 
bodies. A significant non-linear anomaly does exist in the 
study area and is therefore modeled by another method . 
This method is discussed in the Modeling section below . 
2) A second assumption is that the Thompson fault and 
the Superior-Trans-Hudson contact are located where Green, 
Hajnal, and Weber (1985) have drawn them within the study 
area . 
3) The total crustal thickness is assumed to be 
between 41 and 45 km (Delandro and Moon, 1982; Hajnal and 
Fowler, 1982; Hajnal et al., 1984; Morel-a-l'Huissier et 
al., 1987). 
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4) The tectonic history included formation of a 
convergent plate boundary involving a continent-island arc 
collision (Lewry, 1981; Green, Hajnal, and Weber, 1985; 
Green, Weber, and Hajnal, 1985). 
5) It is further assumed that current plate tectonic 
theory applies to the Proterozoic earth. 
6) The density of crustal rocks is assumed to 
increase with depth, within the polygons and also in the 
non-enclosed area surrounding the polygons. 
7) Lastly, it is understood that the existing crustal 
structure is far more heterogeneous and complex than can be 
resolved using gravity data alone. 
Modeling 
Modeling of profiles A, B, C and D (Figure 13) was done 
with a compiled computer program (Malinconico, 1987) which 
is based on Talwani et al. (1959) . Density contrasts were 
based on general data from Telford et al. (1976) and from 
measured densities of Canadian rocks by Gibb (1968a). The 
program calculates the gravity signal due to each of the 
bodies and sums the total signal. The gravity curve 
calculated from the polygonal model is compared to the 
observed curve and then changes are made to achieve the 
closest fit between the geology, observed data and modeled 
gravity values. 
A second method was used to model the large circular 
anomaly crossed by Profile D (Figure 13). The gravity 
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signal of this feature could not be calculated using the 
method of Talwani et al. (1959) because it is not a linear 
feature. This body was therefore assumed to be similar to 
a cone and vertical cylinder. This anomaly was modeled 
using a BASIC language computer program (Braun, 1987) which 
calculated the gravity due to a body by approximating the 
shape of the body as a stack of discs. The gravity of one 
disc in the stack at point Pon the horizontal plane 
(Figure 15) is given by 
g =Ga TI a 2 h z ( 3) 
( r2 + z2 l 
where G=the universal gravitational constant, cr=the density 
contrast of the disc, a=the radius of the disc, h=the 
height of the disc, z=depth to the center of the disc, and 
r=the distance between P and the center of the disc . The 
gravity for all the discs in the stack is then summed to 
arrive at the total signal due to the body. The profile 
generated for this body alone is then added to the curve 
calculated for the rest of the polygonal model. The result 
is then compared to the observed curve. 
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Figure 15: Geometric representation of the variables used 
to calculate the gravitational attraction of a stack of 
graduated discs (Braun, 1987). Where G=the density 
contrast of the disc, a=the radius of the disc, h=the 
height of the disc, z=depth to the center of the disc, and 







RESULTS AND ANALYSIS 
Phanerozoic-Precambrian Interface 
The results of the calculation done to correct the 
gravity signal for the effect of the Williston Basin are 
presented in two Bouguer gravity maps (Figure 12 and 13). 
Uncorrected Bouguer gravity values (Figure 12) range from 
-50 to -10 mgals, and corrected values range from -420 to 
-390 mgals (Figure 13) . The shapes of the anomalies are 
virtually unchanged by the correction . Profiles A, B, C , 
and D drawn from both Figure 12 and Figure 13 and 
superimposed reveal that on the eastern end, the profile 
drawn from Figure 13 is slightly lower than the profile 
drawn from Figure 12, and on the western end, the profile 
drawn from Figure 13 is slightly higher than that drawn 
from Figure 12 . In each case, this slightly reduces the 
amplitude (Figure 16). 
Analysis 
At this scale, the Williston Basin contributes little 
to the shape and amplitude of the Bouguer anomalies in the 
study area . The absolute value of corrected Bouguer 
gravity is about 380 mgals less than gravity at sea level . 
This is because the Bouguer gravity has been uniformly 
over-corrected for the area between sea level and -3450 m. 
For the purpose of modeling these anomalies, the 
Precambrian basement, and not the Phanerozoic overburden , 
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Figure 16 : Gravity profiles drawn from Figures 12 and 13 
are superimposed to illustrate the effect of the 
Phanerozoic Bouguer gravity calculation . The solid line 
in each case is the profile from Figure 12 and the 
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is therefore the source of the residual gravity anomalies 
in the study area (Figure 13). 
Gravity Models 
Results 
Polygonal gravity models designed for this study area 
are based on previous work, available lithologies, age 
dates, and a nearby seismic model . Profiles A, B, C, and D 
and corresponding models are presented in Figures 17 to 20 
respectively. 
Profile A 
The polygonal gravity model for profile A (Figure 17) 
consists of three main bodies and one smaller body . The 
easternmost, large polygon represents all rocks east of the 
contact between the boundary zone (the central polygon) and 
the Superior province . Lithologies for this area are 
mostly granites and granodiorites (Table 1) . No age dates 
have been collected in this part of the study area, 
although several Archean ages are recorded in eastern North 
Dakota (Burwash et al., 1962; Figure 9) . The upper portion 
of the eastern polygon has a density contrast of .035 g 
cm· ' and the lower portion has a density contrast of . 04 g 
cm·' with respect to the surrounding non-enclosed area. 
These densities are in the range of granodiorite, 
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Figure 17: Polygonal gravity model for Profile A (for 
geographical location see Figure 13) . The vertical scale 
for the top half is -10 to 30 mgals . The vertical scale 
for the bottom half is Oto 45 km. The horizontal scale 
is in km. The solid curve represents observed gravity 
and the dotted curve represents gravity calculated from 
the model . Polygons are labeled with density contrast 
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granulite, phyllite, and gneiss. The contact between this 
polygon and the central polygon dips to the west. 
The central polygon represents the rocks beneath the 
Thompson nickel belt. Basement surface lithologies are 
generally schists and granites in this area . No age dates 
have been reported . The upper portion of the central 
polygon has a density contrast of -.025 g cm- 3 and the 
lower portion has a density contrast of -.03 g cm- 3 • 
These densities are in the range of granite, andesite, 
schist, and metagreywacke . The western side of the central 
polygon is the west-dipping Thompson fault (Morel-a-
l'Huissier, 1987; Figure 1). The western polygon 
represents the Hudsonian rocks to the west of the Thompson 
fault. Rocks identified in this area are massive 
granodiorite and gneiss (Table 1), and an early Proterozoic 
age (1.76 Ga . ) was reported (Peterman and Goldich, 1982) . 
The upper portion of this body has a density contrast of 
.015 g cm- 3 and the lower portion has a density contrast of 
.02 g cm- 3 • These densities are in the range of gneiss, 
phyllite, granulite, greywacke, and quartzite . 
There is also a small polygon within the easternmost 
body. This polygon at the basement surface has a density 
contrast of - . 08 g cm-', which is in the density range for 
granite. Another small polygon within the central polygon 




The polygonal gravity model for Profile B (Figure 18) 
consists of three large bodies and one small body The 
easternmost body represents all rocks to the east of the 
Superior-Thompson nickel belt contact. The rocks in this 
area are described as massive granodiorite, biotite 
granite, and granite (Table 1). No age dates have been 
reported. The density contrast of the upper portion of 
this body is .035 g cm- 3 and the lower portion has a 
density contrast of .04 g cm-' (granodiorite, granulite, 
gneiss, phyllite). The contact between the eastern and 
central bodies dips west, and is slightly steeper than in 
Profile A. 
The large central body represents the Thompson nickel 
belt. There are two wells with reported lithologies 
including amphibolite, biotite-epidote-quartz-hornblende-
andesine schist, serpentinite, granite, hornblende schist, 
and chlorite schist. No age dates have been reported. The 
density contrast of the upper portion of this body is -.03 
g cm- 3 and of the lower portion is -.025 g cm- 3 (granite, 
andesite, schist, or metagreywacke). The western side of 
this polygon represents the west-dipping Thompson fault 
(Morel-a-l'Huissier et al., 1987). The large western 
polygon represents the Hudsonian rocks to the west of the 
Thompson fault. The density contrast in the upper portion 
of this body is .015 g cm- 3 and the lower portion has a 
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Figure 18: Polygonal gravity model for Profile B. The 
vertical scale for the top half is -10 to 30 mgals. The 
vertical scale for the bottom half is Oto 45 km. The 
horizontal scale is in km. The solid curve represents 
observed gravity and the dotted curve represents gravity 
calculated from the model. Polygons are labeled with 
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density contrast of .02 g cm- 3 (gneiss, phyllite, 
granulite). A small polygon is located at or near the 
basement surface . It has a density contrast of .15 g 
cm- 3 (greenstone). Two age dates have been reported near 
the western end of Profile Bin the general vicinity of the 
western most body . Well 6624 is reported to be Archean 
(2.9 Ga) and well 6684 is reported to be Proterozoic (1.9 
Ga) (Peterman and Goldich, 1982). 
Profile C 
The polygonal gravity model for Profile C (Figure 16) 
consists of three large bodies and two small bodies . The 
large eastern polygon again represents the rocks east of 
the Superior-Thompson nickel belt contact . The lithologies 
for the area are granite, biotite granite and granodiorite 
(Table 1) . No age dates have been reported . The density 
contrast of the upper portion of this body is .025 g cm- 3 
and the lower portion has a density contrast of .04 g cm- 3 
(granodiorite, granulite, phyllite, or gneiss) . The 
contact between this body and the large central polygon 
dips west and is concave east . 
The central polygon represents the rocks of the 
Thompson nickel belt. Basement surface lithologies are 
generally granite and chlorite schist. No age dates have 
been reported . The upper portion of the central polygon 
has a density contrast of - . 03 g cm- 3 and the lower portion 
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Figure 19: Polygonal gravity model for Profile C . The 
vertical scale for the top half is -10 to 30 mgals . The 
vertical scale for the bottom half is Oto 45 km. The 
horizontal scale is in km. The solid curve represents 
observed gravity and the dotted curve represents gravity 
calculated from the model. Polygons are labeled with 























has a density contrast of -.025 g cm- 3 (granite, andesite, 
schist, or metagreywacke). The western side of this 
polygon represents the west-dlpping Thompson fault 
(Morel-a-l'Huissier et al . , 1987). 
The western polygon represents the Hudsonian rocks to 
the west of the Thompson fault . The only rock type 
reported in the vicinity is a gneiss (Table 1) . No age 
dates have been reported . The upper portion of this body 
has a density contrast of .02 g cm- 3 and the lower portion 
has a density contrast of .025 g cm- 3 (gneiss, phyllite, or 
granulite) . 
A small polygon in this model, located at or near the 
basement surface, has a density contrast of . 14 g cm- 3 
(greenstone) . No lithologies or age dates have been 
reported . 
Profile D 
The polygonal gravity model for Profile D (Figure 20) 
consists of three large bodies and several smaller ones . 
The large eastern body represents the Superior Province . 
The lithologies for this area are granodiorite and granite 
(Table 1) . No age dates have been reported . The density 
contrast of the upper portion of this body is . 02 g cm- 3 
and of the lower portion is .035 g cm- 3 (granodiorite, 
granulite, phyllite, or gneiss) . The contact between this 
polygon and the central polygon dips west and is steeper 
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Fi gure 20 : Polygonal gravity model for Profile D. The 
vertical scale for the top half ls -10 to 30 mgals. The 
vertical scale for the bottom half ls Oto 45 km. The 
horizontal scale ls in km. The solid curve represents 
observed gravity and the dotted curve represents gravity 
calculated from the model . Polygons are labeled with 
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here than to the north. The upper portion of the central 
polygon has a density contrast of - . 025 g cm· 3 and the 
lower portion has a density contrast of -.03 g cm· 3 
(granite, andesite, schist, or metagreywacke). No 
lithologies or age dates have been reported. The western 
side of this polygon represents the west-dipping Thompson 
fault (Morel-a-l'Huissier et al . , 1987) . The large western 
polygon represents Hudsonian rocks to the west of the 
Thompson fault. The upper portion of this body has a 
density contrast of . 015 g cm· 3 and the lower portion has a 
density contrast of .02 g cm· 3 (gneiss , phyllite , 
greywacke, or granulite). 
There are two shallow bodies in the eastern and 
western polygons each assigned a density contrast of - . 1 g 
cm· 3 (granite). Within the large central body, a large 
bullet shaped body has been modeled to account for the 
large circular gravity high (Figure 13). This body was 
modeled in two parts . The top was modeled as a cone and 
the bottom portion as a tapered cylinder . The cone has a 
bottom radius of 23,000 feet, a top radius of 1,000 feet, 
is 13,000 feet high and the top is 23,000 feet below sea 
level . The tapered cylinder has a bottom radius of 21,000 
feet, a top radius of 23,000 feet and a height of 55,000 
feet. Both parts of the body have a density contrast of 
.47 g cm· 3 (gabbro, peridotite, or pyroxenite) . 
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Upon completion of gravity modeling of profiles A, B, 
C, and D, the location of the contact between the Superior 
Province and the Thompson nickel belt and the Thompson 
fault were plotted on the Bouguer gravity map in order to 
see how the structures appear in map view (Figure 21). In 
each case the top of the upper polygon (T), the top of the 
lower polygon (M), and the bottom of the lower polygon (B) 
were plotted on the map for both of the major structures. 
This map shows that the Superior-Thompson nickel belt 
contact is indeed approximately linear (north-south) 
perpendicular to the profiles. The Thompson fault is also 
approximately linear; however, contrary to previous work 
(Green, Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 
1985), this fault strikes about Nl3°E, and is therefore not 
perpendicular to the strike of profiles A, B, C, and D. As 
the method of Talwani et al. (1959) requires that the 
polygonal bodies be infinite in extent perpendicular to the 
profiles, a fifth profile, profile E, was constructed and 
modeled perpendicular to this structure. 
Profile E 
The polygonal gravity model for profile E (Figure 22) 
consists of two large bodies and one smaller one. The 
large eastern body represents the Thompson nickel belt 
rocks. The upper portion of the eastern body has a density 
contrast of -.03 g cm- 3 and the lower portion has a density 
contrast of -.025 g cm- 3 (andesite, granite, schist, or 
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Figure 21: Bouguer gravity map showing the location of 
profiles A, B, C, D, and E . The location of the Superior-
Thompson nickel belt contact and the Thompson fault as 
predicted from modeling are drawn here . 
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Figure 22: Polygonal gravity model of profile E. The 
vertical scale for the top half is -10 to 30 mgals . The 
vertical scale for the bottom half is Oto 45 km depth. 
The horizontal scale is in km. The solid curve represents 
the observed gravity profile and the dotted curve 
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metagreywacke). The large western body represents 
Hudsonian rocks to the west of the Thompson fault. The 
upper portion of this body has a density contrast of .015 g 
cm- 3 and the lower portion has a density contrast of .02 g 
cm- 3 (gneiss , phyllite, greywacke, or granulite) . The 
small polygon in this model is located at or near the 
basement surface, and has a density contrast of . 14 g cm- 3 
(greenstone) . 
Analysis 
All five profiles reveal a similar basement structure 
with respect to the Superior-Thompson nickel belt contact 
and the Thompson fault. The Superior-Thompson nickel belt 
contact dips to the west in each case . This contact tends 
to steepen to the south . The Thompson fault is shown in 
seismic models (Morel-a-l'Huissier et al., 1987) to dip 
west 50 km north of the study area in Canada . A dip angle 
and depth of penetration similar to their model works well 
in the gravity model. 
In Profile A and D, the small polygons included in 
the easternmost polygon may represent granitic bodies 
within the granite greenstone belts of the Superior craton. 
In profiles Band C the small polygons at or near the 
basement surface to the west of the Superior boundary zone 
contact may represent allochthonous greenstone bodies from 
the Superior craton or some other origin emplaced during a 
continent-island arc collision (Green, Hajnal, and Weber, 
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1985; Green, Weber, and Hajnal, 1985; Lewry and others, 
1985). The small polygons above the eastern and western 
polygons in profile D may represent granitic bodies at or 
near the basement surface. 
The circular positive anomaly crossed by Profile D 
is modeled as a deep bullet shaped body , perhaps a mafic 
mass. The density of this body falls within the average 
range for gabbro, peridotite, and pyroxenite . The shape of 
the body may approximate that of a mafic pluton . This 
gravity high coincides with a prominent magnetic high 
(Zietz, 1982) . 
Data on basement lithologies and age dates are sparse 
in the study area and may in fact be misleading in this 
type of study . According to Lidiak et al. (1985) drill 
cuttings collected for any study may have been collected in 
nonrepresentative sites or nearly missed important 
anomalous bodies. The subject of this project is the deep 
basement and all the samples were collected in the first 
few feet of the Precambrian basement . There is no direct 
evidence as to the actual age or lithology of deep basement 
rocks. Because of this and the fact that most age dates 
and lithologies are distant from the profiles they were 
used only in the most general way in the development of the 
models. 
Studies of seismic refraction and deep crustal 
reflection have revealed that the earth's crust is 
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heterogeneous both laterally and vertically (Mueller, 1977; 
Oliver and Kaufman, 1977; Smithson and Shive, 1977). In 
this area the basement is metamorphic and is probably 
discontinuously layered on many scales. Complex basement 
structures cannot be uniquely resolved from gravity data 
alone. Only the most general structures have been modeled. 
The seismic refraction modeling done in Canada, 50 km north 
of the study area, shows abrupt velocity changes at 10 km 
and between 30 and 40 km depth in the vicinity of the 
Thompson fault (Morel-a-l'Huissier et al . , 1987) . In 
another seismic study, distinct velocity changes were 
inferred at 2 km, between 11 and 13 km, and between 35 and 
40 km in the Thompson nickel belt (Green et al . , 1980). 
The models in this study are partially based on the seismic 
models of Morel-a-l'Huissier et al . (1987). Polygons in 
the models presented here generally show a density change 
at a depth of about 10 km and do not extend deeper than 30 
km. 
According to preliminary results of recent U-Pb 
geochronology in Canada where this boundary is exposed, the 
Thompson nickel belt was deformed by the Hudsonian event 
between 1.884 and 1.786 Ga (Machado et al., 1987). Van 
Shmus and Bickford (1987) found zircon dates between 1.89 
and 1.83 Ga for all samples from the Trans-Hudson orogenic 
belt in Manitoba and Saskatchewan . The exposures of 
remnants of these events have been explored in Canada and 
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explained as a collision between island arc and continent 
due to a subduction zone (Lewry, 1981; Lewry et al., 1985; 
Green, Hajnal, and Weber, 1985; Green, Weber, and Hajnal, 
1985). The Thompson nickel belt is hypothesized to be the 
site of subduction (Fountain and Salisbury, 1981; Lewry, 
1981; Gibb, 1983; Green, Hajnal, and Weber, 1985; Green, 
Weber, and Hajnal, 1985; Lewry et al., 1985), and a 
transcurrent fault (Green, Hajnal, and Weber, 1985; Green, 
Weber, and Hajnal, 1985; Thomas et al., 1987). To the west 
the Flin Flon-Snow Lake domain is the island arc complex 
which formed during crustal subduction and wedged the 
Thompson nickel belt between the Superior Province and the 
rest of the Trans-Hudson belt (Green, Hajnal, and Weber, 
1985; Green, Weber, and Hajnal, 1985). 
Green, Hajnal, and Weber (1985), Green, Weber, and 
Hajnal (1985), and Klasner and King (1987) contended that 
an ocean existed to the west and the north of the Superior 
Craton (Figure 23A). Subduction of oceanic crust (Figure 
23B) would have generated the Flin Flon-Snow Lake domain, 
an island arc (Figure 23C). A sedimentary wedge formed in 
the resultant trench fed by continent and ocean sediments 
to the east and by volcanic sources from the west (Figure 
23C). The eventual collision (Figure 230) would have 
juxtaposed the Superior craton, the sedimentary wedge, and 
the island arc deforming portions of all three elements. 
Following collision and suturing, transcurrent faulting, 
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Figure 23: Crustal evolution of the boundary zone. A, 
B, C, and Dare based on Green , Hajnal, and Weber (1985), 
and Green, Weber , and Hajnal (1985). A: Former ocean, 
possibly formed by rifting of the Archean crust. The 
Thompson nickel belt (TNB) formed as a result of 
continental margin development . B: Initiation of 
subduction . C: Island arc formation and trench 
sedimentation. D: Collision and suturing, followed by 
transcurrent faulting on the west side of the TNB. E: 
Final configuration after uplift, erosion, downwarp and 
sedimentation . 
TNB=Thompson nickel belt 
SC=Superior Craton 
FF-SL=Flin Flon-Snow Lake domain 
- - - - possible erosion level 
- ---------------
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perhaps caused by oblique plate interactions in the 
Hudsonian, occurred on the west side of the Thompson nickel 
belt (Green, Hajnal, and Weber, 1985; Green, Weber, and 
Hajnal, 1985). Uplift and erosion, perhaps to the level of 
the dashed line in Figure 230, followed by Phanerozoic 
downwarp and sedimentation of the Williston Basin would 
have resulted in the present apparent configuration (Figure 
23E). The models presented in this thesis provide a 




1) The gravity anomalies in the study area which remain 
after the removal of the effect of the Williston Basin from 
the signal are quite similar in shape and amplitude to the 
gravity anomalies before the correction. These anomalies 
are concluded to be caused by density variations in the 
Precambrian basement and not the Phanerozoic overburden. 
2) Published lithologies and age dates are too sparse in 
the study area to draw any but the most general 
conclusions, and may in fact be misleading . 
3) The contact between the Superior Province and the 
Trans-Hudson belt indeed exists within the study area . 
This contact dips west and tends to steepen to the south. 
It is approximately linear, oriented nearly north-south and 
is located near longitude 100° 30'. 
4) The southern extension of the Thompson fault exists 
in the study area roughly 45-55 km west of the 
Superior-Trans-Hudson contact . In the study area, the 
Thompson fault can be successfully modeled with the 
orientation presented by Morel-a-l'Huissier et al. (1987), 
dipping west and extending deep into the crust. This 
structure appears to strike about Nl3°E. 
5) If the assumptions made are valid and the data used 
are accurate, the tectonic model of Green, Hajnal, and 
Weber (1985) and Green, Weber, and Hajnal (1985) is 
supported by gravity modeling . 
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6) The large circular gravity high near longitude 101° 
and latitude 48° 15' is caused by a mafic mass, as 
indicated by large gravity and magnetic positive anomalies. 
This mafic mass may be a gabbro, peridotite, or pyroxenite 
pluton. 
Topics for Future Study 
1) Extension of the boundary zone and basement 
structures to the south through North and South Dakota. 
2) Exploration of basement structure in the study area 
with magnetic data. 
3) Description of other portions of the Trans-Hudson 
orogen in western North Dakota using gravity and magnetic 
techniques. 




WELL NAMES, LOCATIONS AND LEGAL DESCRIPTIONS 
The wells listed below are Precambrian Test Wells 
which were used in the study. They are listed by NDGS well 
number followed by county, Section-Township-Range, 
operator, and legal name . 
38 Bottineau; SW/SW/SE Sec . 2l-l60N-81W; The California 
Company; Blanche Thompson No . l . 
39 Mc Henry; NE/SW Sec . 3-l57N- 78W ; Hunt Oil; W. B . 
Shoemaker No. l. 
47 Ward; SE/SW Sec. 23-l55N-81W; Herbert Hunt Trust; 
Wald No . l. 
64 Bottineau; SW/NW Sec . l8-l63N-77W; Hunt Oil Company; 
Olson No. l. 
100 Towner; C/SW/SE Sec. 35-l61N-68W; Union Oil Company of 
California; A . Saari No . l . 
110 Bottineau; C/NW/NW Sec . 23-163N-75W; Lion Oil 
Company; G.A. Huss No . 1 . 
316 Rolette; C/NW/SW Sec. 23-160N-70W; Evans Production 
Corporation; Johnson No. l . 
435 Pierce; C/SW/NE Sec . 12-158N-69W; Elbert Jackson 
Brown; Brown-Heckman No. l. 
632 Benson; NW/SE Sec. 31-154N-70W; Calvert (National 
Bulk Carriers, Smith and Summers); John Stadum No. 1. 
706 Pierce; C/SE/SE Sec . 23-157N-70W; Shell Oil Company; 
Gifford Marchus No. 1 . 
4655 Bottineau; SE/SW Sec 31-162N-78W; Amerada Petroleum 
Corporation; H.D. Lillestrand No. 1. 
4790 Bottineau; C/SE/SE Sec . 20-159N-81W; Union Oil 
Company of California; Steen No. 1. 
4846 Bottineau; NE/NW Sec. 8-163N-81W; Ballantyne 
International Resources LTD; Irene No. 1. 
5184 Bottineau; SE/NE Sec. 14-162N-77W; Champlin Petroleum 
Company; No. 1 Dunbar 42-14 (162-77). 
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5576 Pierce; SW/SW Sec. 34-152N-73W; Getty 011 Company; 
Ludwig Vetter No. l. 
6296 Renville; NE/SW Sec. 9-163N-87W; Shell 011 Company; 
Larson No. 23x-9. 
6349 Renville; SW/SW Sec. 34-164N-87W; Shell 011 Company; 
Mott No. 14-34. 
6624 Renville; 1424' FNL-1765' FWL Sec. l-161N-85W; Shell 
Oil Company; Osterberg No. 22x-l. 
6684 Renville; NE/NW Sec 2-161N-85W; Shell 011 Company; 
Osterberg No. 21-2. 
6749 Renville; NW/SE Sec 3-163N-87W; Shell Oil Company; 
Gllberson No. 33x-3. 
6780 Mountrail; SE/NE Sec. 24-l51N-89W; Bass Enterprise 
Production Company; Robert V. Andes No . 24-1. 
6872 Mountrail; NE/SE Sec. 16-153N-88W; Marathon Oil 
Company; Olson State No. 1 . 
7577 Renville; C/SW/NW Sec. 15-l60N-86W; Shell Oil 
Company; Dewing 12-15. 
7612 Ward; SE/SW Sec. 15-155N-87W; Marathon Oil Company; 
Marathon Berg No. 15-24 . 
8803 Mc Henry; NE/NE Sec. 22-151N-80W; Arco Exploration 
Company; Arco Wunderlich No. l . 
9522 Bottineau; SW/NW Sec 21-161N-77W; Coastal Oil and Gas 
Company; Bjornseth 21-161-77 No. lS. 
Appendix B 
Density Determination 
Well logs from 20 Precambrian test wells in the 
vicinity of the study area (Appendix A and Figure 2) were 
used as part of a calculation to determine the average 
density of sedimentary rock units for each well . The 
formations listed in Table 3 represent the uppermost 
formation of each lithologic group. For each lithologic 
group a lithology or lithology combination and an average 
density are estimated. Table 3 shows well numbers, depth 
to formation top, total thickness of each lithologic unit, 
total depth, average density, Kelly bushing and Precambrian 




Calculation of average overburden density 
NDGS WELL NUMBER: 38 47 64 110 316 

































































































































SHALE(2 . 42) 
SANDSTONE(2 . 32) 
SS & SHALE(2 . 37) 
LIMESTONE(2 . 54) 
DOLOMITE{2.70) 
ANHYDRITE{ 2. 98) 
LS & SHALE{2 . 48) 
LS & DOL0{2 . 62) 
ANH & LS{2 . 76) 
DOLO & ANH(2.84) 

















































2 . 49 
6410 








KELLY BUSHING : 1516 1595 1520 2205 1637 1652 
PRECAMBRIAN 
ELEVATION {FEET): -6594 -7025 -4890 -4215 -3305 -3490 




{Cont . l 
706 4790 4846 5184 5576 



































































































































SHALE(2 . 42) 
SANDSTONE(2 . 32) 
SS & SHALE(2.37) 
LIMESTONE(2.54) 
DOLOMITE(2.70) 
ANHYDRITE(2 . 98) 
LS & SHALE(2 . 48) 
LS & DOL0(2 . 62) 
ANH & LS ( 2 . 76) 
DOLO & ANH(2 . 84) 
















































2 . 48 
8110 
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7560 
2 . 48 
6360 
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5850 




KELLY BUSHING: 1691 1517 1518 1552 1579 1715 
PRECAMBRIAN 




NDGS WELL NUMBER: 6684 6749 6780 6872 7577 7612 


































































































































SHALE(2 . 42) 
SANDSTONE(2.32) 
SS & SHALE(2.37) 
LIMESTONE(2.54) 
DOLOMITE(2.70) 
ANHYDRITE( 2 . 98) 
LS & SHALE(2 . 48) 
LS & DOL0(2 . 62) 
ANH & LS(2.76) 
DOLO & ANH(2 . 84) 















































2 . 48 
9380 13435 13210 10120 12300 
2.47 2.46 2 . 46 2 . 47 2.47 
----------------------------~--------------------------------------
KELLY BUSHING: 1713 1645 2133 2108 1842 2219 
PRECAMBRIAN 




NDGS WELL NUMBER: 8803 9522 






























































SHALE(2 . 42) 1250 975 
SANDSTONE(2.32) 278 140 
SS & SHALE(2.37) 3000 2045 
LIMESTONE(2.54) 3105 2000 
DOLOMITE(2.70) 1040 980 
ANHYDRITE ( 2. 9 8) 
LS & SHALE(2.48) 40 
LS & DOL0(2.62) 
ANH & LS(2 . 76) 420 
DOLO & ANH(2.84) 









KELLY BUSHING: 1915 1474 
PRECAMBRIAN 







The gravity data used in this study were obtained from 
tape #S4395 from the Department of Defense. The tape 
accompanied by a location map (Figure 24) and 7 pages 
documentation . 
Definitions, Symbols and Formulae: 
G = universal gravitational constant: 
p = density: mass per unit volume (g cm- 3 ) 
g = observed gravity: the gravity value measured at the 
site of the gravity instrument, tied to a recoverable base 
reference station (mgals) . 
go= theoretical gravity: at sea level, assumed to be the 
approximation of the closed form of the gravity formula, 
1 9 6 7 ( mga 1 s ) . 
go= 978031.85 (1+0.005278895 sin 2 0+0 . 000023462 sin4 0) (4) 
0 = latitude (degrees) 
FAA= Free Air Anomaly: corrected to sea level, to account 
for elevation differences. 
FAA= g + 0.3086 h - go ( 5) 
h = elevation of instrument above sea level (m) . 
BA= Bouguer anomaly: corrected for the mass between sea 
level and the instrument. 
BA= FAA - .04191 p h 
BC= Bouguer correction: the attraction of an infinite 
plate, thickness h (m), and density p (g cm- 3 ). 





















latitude (degrees and min. to .01 min) 
longitude (degrees and min . to .01 min) 
elevation type (land) 
elevation units (m) 
elevation 
observed gravity 
Free Air anomaly 
Bouguer anomaly 
Source 
Base reference station 
Estimated standard deviation (Free Air) 
Estimated standard deviation (Bouguer) 
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Figure 24: Gravity station locations within the study 
area. The boundaries of the study area are latitudes 48° 
and 49° and longitudes 100° and 102°. 
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49 
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Appendix D 
10 REM 'This program will recalculate Bouguer 
20 REM 'gravity with elevation -3450 metres as datum. 
30 REM 'It will read data from Append . b 
40 REM 'as a sequential file and write the 
50 REM 'new Bouguer values to 
60 REM 'a second sequential file, boug . pc. 
70 OPEN "I",#1,"a:append.b" 
80 OPEN "0",#2,"b:boug.pc" 
90 REM 'A third sequential file contains the 
100 REM 'thickness of overburden values 
110 IF EOF(l) THEN CLOSE: END 
120 OPEN "I",#3,"a:isodata . BAS" 
130 INPUT #1,LAT,LONG,ELEV,OBS,FA,BOUG 
140 REM 'Recalculate bouguer gravity using gridded isopach 








220 REM 'Then read in the gridded data for the PC surface 
240 INPUT #3,LONGA,LATA,THICK 
250 IF LONGR = LONGA GOTO 260 ELSE 240 
260 IF LATR = LATA GOTO 270 ELSE 240 
270 REM 'Calculate the new Bouguer gravity for the rocks 
above sea level. 
290 BOUG=FA-( .1119/2.67*2 . 48)*ELEV 
300 HO=THICK-ELEV 
310 HX=3450-HS 
320 REM 'Then calculate the sub-sea level 
sedimentary Bouguer correction, 
340 BCS=.04191*2.48*HO 
350 REM 'and the Precambrian Bouguer correction, 
360 BCX= . 04191*2 . 67*HX 
370 REM 'and finally the new Bouguer value with -3450 as 
datum. 
380 NBOUG=BOUG-BCS-BCX 
390 CLOSE #3 
400 PRINT #2,USING "+###.#### ##.####+####.#"; 
LONG;LAT;NBOUG 
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